This study analyzed rural households' food security and its determinants in western Ethiopia. The study used a primary data collected from 276 randomly selected households using interview schedule. In addition, focus group discussion (FGD) and key informants interview were also used to obtain a qualitative primary data. As to the method of data analysis, the study employed descriptive statistics (such as mean, frequency, range and percentage) and binary logit model (BLM). The finding of the study revealed that, in the study area, 59.06% of the sampled households were food insecure and 40.94% of them were food secure. Besides, the study indicated that 86.87% of the households were vulnerable to different shocks, risks, and seasonality's and 41.67% of the households faced shortage of food. Moreover, the finding indicated that only 31.88% of the households were food self-sufficient from own production. Low productivity, climate related problems and inadequacy of cultivable land were identified as the top three main causes of food shortage and/or food self-insufficiency from own production. The estimated BLM pointed out that sex, age, access to irrigation, off-farm and non-farm income, input cost, access to credit and distance to market were significant in determining household's food security status. Therefore, policies and actions directed towards improving households' food security and reducing their vulnerability should focus on the aforementioned factors.
In addition, as IFAD [2] finding indicated, around 1.4 billion poor people were living on less than US$1.25 a day, of which one billion of them reside in rural areas, where agriculture is the main source of livelihood, especially in Sub-Saharan and Southern Asia. Besides, FAO [1] report argued that food insecurity situation visibly worsened in parts of Sub Saharan Africa, south Eastern and Western Asia as the food insecurity prevalence was much compounded by droughts, floods (caused by El Nino phenomenon and climate change) and economic slowdown in the regions. Moreover, Agbola [3] conveyed that households in western African countries were vulnerable to the risks of food shortages prior to harvest, temporary marketing problems, wastages due to inadequate storage facilities, seasonal unemployment, and increases in food prices and civil strife that led to chronic poverty and food insecurity in the region.
As part of Sub Saharan Africa, Ethiopia is facing with the problems of poverty and food insecurity. A recent study figured out that about 23 million Ethiopian live under the basic poverty line and food insecurity remains a major challenge [4] . Furthermore, UNDP [5] showed that around 44.2% of children under five were malnourished and stunned mainly caused by climate change, drought and the spread of diseases. Moreover, different scholars depicted that the food insecurity and poverty incidence were higher in rural areas constituting around 30 .4% of the total population live under poverty line, while merely 25.7% for the urban dwellers consuming below the minimum recommended daily intake of 2200 kcal/adult equivalent (AE)/day [1] . In addition, Hill and Porter [6] also reported that in the country 43% and 46% of the total and rural population, respectively, were vulnerable to absolute poverty, and 55% and 56% of the total and rural community, respectively, experienced different types of shocks. Porter [7] argued that the vulnerability of rural households was mainly attributed to shocks such as food price increase, occurrence of drought, crop damage and job loss that impact consumption by restricting their physical access and nutritional content of the products consumed.
Particularly, Assosa zone is characterized by the prevalence of high incidence of poverty and food insecurity. The food insecurity situation in the study area was worsened by inadequacy of technology innovation, climate change, weed infestation, insect pests, and poor field management [8] . Hence, to reverse the prevalence of food insecurity situation, the government of Ethiopia planned and [9] . However, to bring improvement in the food security situation in the country, [10] Various studies conducted in Ethiopia mainly focused on food availability and access dimension [11] [12] [13] [14] [15] [16] [17] and others adopted 24 hour or seven day recall method to capture the utilization dimension [18] [19] to address households' food security and its determinants. However, considering only the food availability and access measures do not fully address the actual food energy utilization by the households and the quality of the food consumed. In addition, the drawback of relying on seven-day recall method is that as a part of developing countries the majority of rural households have weak access to formal education due to that they cannot accurately respond on the types and quantities of food items consumed. The novelty of this study is that it considered households' food consumption/utilization for seven consecutive days collected using weighed records method as food energy intake is sensitive to different unforeseen factors such as religion, weather, holidays, etc., which can be captured by taking weighted data.
The rest of the paper is organized as follows: Section 2 provides the methodology employed; Section 3 presents and discusses the results; and Section 4 concludes and infers policy implications.
Methodology

Description of the Study Area
Assosa zone, the study area, is one of the three administrative zones of Benishangul-Gumuz Region. Administratively, the study area is composed of 7 districts, namely; Assosa district, Homosha district, Bambasi district, Menge district, Kurmuk district, Sherkole district and Odabildi-Guli district. The total population of the zone was 283,707 people, of which 144,616 and 139,091 were male and female, respectively. Furthermore, 86.28% of the population lives in rural areas [20] . Moreover, the predominant source of livelihood for the majority of the population in the area is mixed farming system i.e. they mainly rely on both crop production and livestock rearing.
Sampling Technique and Sample Size
The study employed three-stage simple random sampling method. In the first stage, three districts (namely Assosa, Bambasi and Sherkole) were randomly selected out of 7 districts in the study area. Secondly, 12 peasant associations (PAs)
were randomly selected using probability proportional to the size of PAs in each sampled districts. The reason for selecting PAs was that, in the study area almost all the households relied on agriculture and the emphasis of this study was on assessing the food security of households working on agriculture. Finally, 276 
where; n = denotes the sample size; N = denotes total number of estimated household heads (40, 530) in the study area; e = denotes margin of error (6%).
Data Set and Collection Methods
The study utilized primary data. Primary data were collected using interview schedule through enumerators and the researchers. Particularly, primary data on the types and quantities of every food item consumed by the household head and his/her family members was collected using Weighed records method for 7 consecutive days from each sample household. The reason for collecting the data from a single household for seven consecutive days was that food security is a sensitive issue that is affected by different unforeseen factors (religious, holidays, etc.) which can be captured by taking weighed data [22] . The enumerators were trained how to conduct the interview schedule and approach the households.
Besides, FGD and key informants interview were employed to supplement the research finding with qualitative information.
Method of Data Analysis
The data analysis for this study was conducted using STATA 13 statistical software package. [26] . Although linear probability model is the simplest method, it is not logically attractive model, because it assumes the conditional probability increases linearly with the value of explanatory variables. Unlike linear probability model, logit and probit models guarantees that the estimated probabilities increase but never step outside the 0 -1 interval and the relationship between probability (P i ) and explanatory variable (X i ) is non-linear. But, due to its practical applicability and soundness logit model is preferable than probit model [27] 
For ease of exposition, the logit becomes a linear function of different explanatory variables:
where: P i denotes probability of being food secure, 1 − P i denotes probability of being food insecure, L i is the logit, X i is vector of relevant household characteristics and β i is a vector of parameters to be estimated. It should be noted that the estimated coefficients do not directly indicate the effect of change in the corresponding explanatory variables on probability (P) of the outcome occurring [30] .
Thus, the study estimated marginal effects to indicate the effect of change in explanatory variables on probability (P) of the outcome occurring.
Definitions of Explanatory Variables and Development of Hypothesis
We included different demographic, socio-economic, institutional and other variables in our analysis. The selection of those variables is guided by previous empirical studies. Accordingly, Asfir [31] noted that technology adoption depends on nature of settlement of households and argued that native households are highly resistant to accept new technologies. However, adoption of new technologies improves agricultural production and productivity [32] , which in turn reduces households' exposure to food insecurity. Besides, Baten and Khan [33] showed that female-headed households could find it difficult to gain access to valuable resource than males. Thus, due to male households' better access to different livelihood assets, this study expected that male headed households less likely to be food insecure than female households. Empirical studies [34] [35] indicated that higher years of schooling enhance households' ability to take good and well-informed production and nutritional status. Thus, it was expected to affect food security positively. Furthermore, a number of studies (e.g. [34] [36]) argued that young households' heads are stronger and energetic than elderly households. Hence, in this study, age was expected to affect households' food security negatively. Moreover, empirical studies [37] [38] argued that larger family size exerts more pressure on households' consumption than the labor it contributes to production. Therefore, in this study, it was expected to affect food security negatively. Besides, due to scarcity of resources, high dependency ratio imposes burden on the active member of household to fulfill their immediate food demands [38] [39] . Hence, in this study, it was expected to negatively effect of households' food security. Livestock are important source of food and income for rural households. Households with more livestock produce more milk, milk products and meat for direct consumption, and have better chance to earn more income from selling livestock and livestock products [18] [36] . Thus, owning more TLU of livestock was expected to positively affect households' food security. Oxen and donkey serve as a source of traction power in many developing countries, thereby significantly affect household's crop production and enhance households' access to food items [38] . Accordingly, more number of oxen and donkeys owned by a household was expected to affect food security positively. Besides, empirical studies [40] [41] argued that larger size of cultivated land leads to more production and availability of food grains, and enhance food security status of households. Hence, it was expected to have positive impact on food security. Furthermore, access to irrigation enables farmers to directly produce consumable food grains and/or diversify their cropping and supplement moisture deficiency in agriculture [10] . Thus, in this study, it was expected to affect households' food security positively. Moreover, Muche and Beyene [42] concluded that higher farm income encourage households food security by enabling them to purchase different nutritious food items. Besides, studies (e.g. [36] [42]) argued that households with higher off-farm and non-farm income are less likely to be food insecure as it enables them to purchase different food items to satisfy their family needs. Thus, in this study, farm as well as off-farm and non-farm income were hypothesized to affect households' food security positively. High cost investment on farm inputs encourages households' crop production and livestock breeding [25] . In this study, it was expected to affect households' food security positively. Access to training on modern technologies (proper types and rates of fertilizer application, improved varieties of seeds, agro-chemicals, etc.) enhances households' agricultural production skills and knowledge, and production [43] . Empirical studies [16] [39] conveyed that frequent extension service enhances households' access to better crop production techniques, improved input as well as other production incentives. Therefore, in this study, both access to training and more number of extension contacts were expected to affect households' food security positively. Besides, access to credit eases the cash constraints and allows farmers to purchase inputs such as fertilizer, improved crop varieties, and irrigation facilities; which in turn enhance food production and ultimately increase household food energy intake [37] . Studies (e.g. [12] [15] argued that access to both remittance and aid are important to smooth consumption in the case of shock and shortage for the time of emergency. Thus, both access to credit as well as remittance and aid were expected to positively affect households' food security. Moreover, proximity to the market may create opportunity of more income by providing off/non-farm employment opportunities, and enable farmers to get valuable information, purchase agricultural inputs and final products required for family consumption. Therefore, it was expected to negatively determine households' food security.
Results and Discussion
Demographic and Socioeconomic Characteristics of Households
For this study, primary data were collected from 276 sampled household heads. were native households. In addition, 89% of sampled farmers were male-headed households, implying that the majority of the sampled households were male-headed households. Besides, 56.43% of the households had access to irrigation, which indicates that more than half of the households had access to irrigation to produce more than once in a year in the study area. Furthermore, 52.89%
of the households had access to training on issues related to agricultural production and agricultural productivity improvement during 2016/17 production year.
Moreover, only 18.48% of the households had access to credit services. The result also revealed that only 5.07% of the households received remittance and aid, to cope up with the food insecurity and shortage situation in the study area (Table 1) .
Regarding continuous variables, the result indicated that the mean age of the household heads was 43.88 years, with maximum and minimum being 78 and 23 years, respectively. In addition, the mean year of schooling of the households was 3.08. Furthermore, the finding of the study pointed out that the family size 
Households Food Security Situation in the Study Area
In this study, household's calorie intake per adult per day was used to identify the food secure and food insecure households. Data on the type and quantity of food item consumed by the household for seven consecutive days was collected using weighed records method and was converted to kilocalorie (kcal) and then healthy and productive life, and it was attributed to the fact that, the study area is among the drought prone areas in the country as the majority of the community rely on agricultural activities to achieve their livelihood goals. Besides, in the 2016/17 production year there was outbreak of pests and other perennial crop diseases that resulted in loss of thousands of tons of crop outputs. In addition, the study area is characterized by the existence of unfavorable condition for livestock production due to the existence of livestock diseases, which ultimately affected households' food security.
Households Vulnerability Status in the Study Area
In the study area, households are and have been vulnerable to different types of risks, shocks and seasonality's and many studies argue that vulnerability to be associated with food security. Accordingly, this study identified that households in the study area were mainly vulnerable to the occurrence of animal and plant diseases as indicated by 50.72% of the households. The result confirms that almost more than half of the households were exposed to the risk of animal and plant diseases and since farming is the main source of livelihood in the study area, it affects the total agricultural production and ultimately affects their food security situation. Besides, the study pointed out that households were exposed to the risk of members' health problem as indicated by 14.79% of the households and again, this is also another shock that forces the households to divert their income for treating the members rather than utilizing it for food items production and purchasing. Thirdly, 10.14% of the households in the study area indicated that they were vulnerable to drought and famine, which facilitates their exposure to health problems. Shortage of rain and conflict with neighbors' were another shocks that the households were exposed. Shortage of rain, as it is a key agricultural input, imposes direct impact on total output obtained and indirectly affects households' food security through its effect on agricultural production. Generally, out of the total sampled households, 86.87% of the households in the study area were vulnerable to various shocks, risks and seasonality (Table 2) .
Besides, from the focus group discussions most of the participants stated that "they are and have been vulnerable to different shocks such as occurrence of 
Causes of Food Shortage and Self-Insufficiency from Own Production in the Study Area
Households in the study area were facing shortage of food, which is governed by different factors. This study identified that, in the study area, 41.67% of the respondents pointed that they faced shortage of food in 2016/17 production year and the remaining households (58.33%) reported that they were able to access sufficient food. In addition, the finding also indicated that only 31.88% of the households were self-sufficient from their own production and the rest (68.12%)
were self-insufficient from homestead production ( Table 3 ). This are attributed to different factors that affect households' agricultural production and food security directly and indirectly. Accordingly, the study identified different causes of food shortage and food self-insufficiency from own production in the study area ( Table 4 ). The study Table 3 . Households exposure to food shortage and self-sufficiency status form own production in the study area. self-insufficiency from own production in the study area. Low agricultural production and productivity, which is governed by various factors such as climatic, physical, institutional, etc., factors, was identified as major cause of food shortage and/or food self-insufficiency by 20.29% of the households in the study area.
Besides, 13.41% of the households indicated climate related problems such as shortage of rain, occurrence of pests and animal disease, flooding, etc., as the major causes of food shortage and self-insufficiency in the study area. Furthermore, 9.06% of the respondents confirmed inadequacy of cultivable land for agricultural production as a cause of food shortage and/or food self-insufficiency in the study area. Moreover, the study figured out that 6.88%, 6.16%, 5.79%, 3.98%, 2.17% and 1.81% of the households reported inadequacy of income from alternative sources, low level of soil fertility, inadequacy of inputs, lack of access to irrigation, food price inflation and improper utilization of income, respectively, as the major causes of shortage of food and/or food self-insufficiency from own production in the study area. (Table 5 ). Sex of household head: as expected, it was found to have positive and significant effect on households' food security at 10% significance level. From the model result, the marginal effect showed that being male-headed household increases the probability of households' food security by 19.91%. This implies that male headed households are more likely to be food secure than female headed households. This is due to the fact that, mostly male headed households have better access to different types of resources, which ultimately enables them to produce, purchase and consume diverse and nutritious products. This finding supports the finding of [44] .
Determinants of Households' Food Security in the Study Area
Age of the household head: it affected households' food security negatively and significantly at 1% probability level. The marginal effect of age of household head indicated that a one-year increase in the age of the household head decreases the likelihood of households' food security by 0.92%. This implies that old aged household heads more likely to be food insecure than younger ones. This is because mostly elder households have less courage to cultivate larger-size farm and become less productive than young ones, which ultimately affects their food security status through restraining production. Nugusse et al. [39] also reported similar finding.
Access to irrigation: it was found to have positive and significant effect on households' food security at 5% significance level. The marginal effect of the variable figured out that having access to irrigation increases households' probability of food security by 14.4%. This implies that households who had irrigation access are more likely to be food secure than those who had no irrigation access. This is due to the fact that irrigation helps farmers enhance their agricultural production through mitigating water stress and reducing risks of crop failures and obtains more yields; thereby reducing the risk of food insecurity among the households. This finding is in line with the findings of [10] .
Off-farm and non-farm income: In contrary to the expectation, it affected households' food security negatively and significantly at 10% significance level.
The marginal effect confirmed that a one-birr increase in the off-farm and and/or non-farm income do not use their income for either food expenditure or production of consumable products rather they prefer to make a saving to improve their future welfare at the expense of today consumption. This finding is in line with the finding of [45] .
Input cost: it determined households' food security negatively and significantly at 5% significance level. The marginal effect, from the model estimate, revealed that a one-birr increase in investment on inputs decreases the probability of household's food security by 0.0083%. This indicates that households with higher input cost are less likely to food secure than low cost incurring households. This is because higher cost investment on inputs forces households to decrease their expenditure on food items and thereby expose households to the risk of food insecurity. This result is in conformity with the findings of [38] [46].
Access to credit: As expected, it was found to have positive and significant effect on households' food security at 5% significance level. The marginal effect indicated that having access to credit increases households' probability of food security by 20.3%. This implies that those households who had access to credit service have more chance of being food secure than without access ones. This is due to the fact that access to credit gives the household an opportunity to be involved in income generating activities so that derived revenue increases financial capacity and purchasing power of the household to escape from risk of food insecurity. Moreover, it helps to smooth consumption when household face with temporary food problem [15] .
Distance to market: In contrary to the expectation, it affected food security status of households positively and significantly at 10% probability level in the study area. From the model output, the marginal effect indicated that a one-kilometer increase in the distance from the nearest market center increases the probability of household's food security by 1.12%. This implies that households living far from the market center are more likely to be food secure than those living near the market center. This is because households living far from the market center obtain little information about the market condition and thereby use their entire production for home consumption rather than bringing it to the market. The finding supports the finding of [18] .
Conclusions and Recommendations
Food insecurity is and has been a persistent problem facing the majority of the terminants at household level provides basic input. Accordingly, the study finding indicated that more than half (59%) of the rural households were food insecure. This implies that the incidence of food insecurity in the region was high.
Furthermore, the households in the study area were vulnerable to different type of shocks and risks such as drought and famine, illness, animal and plant diseases, etc. Moreover, more than one third of the households faced food shortage in the study area-which calls for action to reverse the situation. Besides, food security status of the households was enhanced by sex of the HH heads, family
Size, access to irrigation, total farm income, access to credit and distance to market. Unfortunately, age of HH head, total off-farm and non-farm income, and total input cost negatively affected households' food security in the area.
Therefore, urgent actions aimed at reducing/eliminating the incidence of food insecurity and vulnerability of the households in the study area should focus on:
Giving emphasis to female headed households' as their access to different livelihood asset improves the food security status of the rural poor and reduces their vulnerability.
Awareness creation and capacity building for elders should be strengthened to ensure the availability and dissemination of accurate information as it helps them to produce more and ensure food security.
Enhancing households' access to credit services, irrigation, inputs at a reasonable price and awareness on off-farm and non-farm income utilization so as to improve their food security situation.
Generally, critical emphasis should be given on the causes of vulnerability and food shortage such as low productivity and production, animal and plant disease, etc. factors to reverse the incidence of food insecurity in the study area.
